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MEMORANDUM F O R  FILE 

1 t i t r o d u c t i o n  

An ana1y::i.s of  CSM U n i f i e d  S-Band (USB)  and S-IVH/IU 
(:oinmanil 2 n d  Commuri i c i r 7 t . i  ons System 
Ai)011 o s p a c e  v e h i c l  t !  and f a c i l i t i e s  a t  Ascerision and Carnarvon 
W : I S  made f o r  t h e  h i l j ; l 1  a l i i t u c i e  phase of’ the AS-501 mlssion to 
: j : . k z r ; x l ~ c  t h e i r  ca;:;:’;il$ty f2-r. meetizg miss-?. or! ren,-!-i.ireinerit.;s ~ 

::I g n l f i c a n t  missior i  e v e n t s  d u r i n g  t h i s  phase  with respect t o  
C;tc.h o f  t h e s e  s t a t : i o n s  a r e  listed. i n  T a b l e  1. The ana1ys j . s  was 
Jll!i>forrned u s i n g  a T i 1 1 1  s c a l e  omni e l e m e n t  a n t e n n a  p a t t e r n  for 
Ltie CSM ,MSFC antenii:l p a t t e r n s  f o r  t h e  S - - I V U / Z U  anc! a Rellcomm 
Computer program t o  c a l c u l a t e  marglns  f o r  USB an6 CCS l i n k s .  
VllP pe r fo rmance  w i ’ l I  be l i m i t e d  f o r  u s e  a t  s l a n t  r a n g e s  1.ess 
t,lian abou t  1000 nm, and the USB s y s t e m  w i l l  be the p r i m e  CSK 
(~ommunica t ions  sysL(:m p a s t  thj .s  r a n g e .  The :Launch v e h i c l e  (LIT) 
W 1 I1 have b o t h  CCS ;md non-coherent  S-%and links provid.ririC; P C X  
1;t:lernetry d a t a  dur.i rig t h i s  p h a s e .  

C C S )  communicat ions betereen t i l e  

S h o r t l y  ; I I ’ ter  s e p a r a t i o n ,  t h e  S-IVB/IU and CSM will n o t  
bc i n  t he  same antc>tlna beam s o  t h a t  it w j l l  b e  n e c e s s a r y  t o  
u:;e b o t h  the Mannctl Space F l i g h t  Network (NSFI;) and Deep Space  
&tit-,:ork (DSN) S-bailrl. s t a t i o n s  a t  Ascens ion .  The p r e s e n t  p l a n s  
1l:ive Ascens ion  conl ’ igured  as two s i n g l e  s t a t i o n s  and one w j 1 1  he 
:I,:r,igned to e a c h  vc. l i lc le .  Caynarvon w i l l  time-share i t s  f a c j . l i t i e s ,  
With pr ime  emphasj: ;  on t h e  CSM. 

The t r a j ( . ( : t o r y  used  was d e s i g n e d  f o r  a m i s s i o n  d a t e  of  
r!l\bruary 15, 1967, ( R e f e r e n c e s  2 and 3 ) .  The a t t i t u d e  of  the CSM 
Will v a r y  w i t h  laurlch d a t e  and t ime due to t h e r m a l  c o n s t r a i n t s .  
‘YIie e f f e c t  of t h i s  v a r i a t i o n  upon c i r c u i t  marg ins  i s  not i n c l u d e d  
i l l  t h i s  a n a l y s i s .  l ’ l i e  a c t u a l  marglns  w i l l  o b v i o u s l y  depend on 
t . 1 1 ~  a c t u a l  t r a j e c t ( 1 i . y  flown and w i l l  be c o n s i d e r e d  i n  t h c  m i s s i o n  
P1ann ing  as t h e  lairiich d a t e  becomes firm. 
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an  S-IV23/1U a t t i t u d e  was assumed f o r  b e s t  communicat ions be tween '  
t h e  vchic3.e and t h e  Ascens ion  I s l a n d  DSN s i t e  w i t h  t h e  v e h i c l e  
r o l l  axis p e r ? e n d i c u l a r  to t h e  l i n e - o f - s i g h t  f rom t h e  v e h i c l e  to 
Ascens ion  I s l a n d  ( 0  = 9 0 " )  and " P o s i t i o n  1" toward  t h e  s i t e  
(Q, = 180 ' ) .  No c a l c u l a t i o n s  wer'e made a f t e r  5 h o u r s  and 49 
m i n u t e s ,  a t  which t i m e  t h e  LV i s  to be r e o r i e n t e d  w i t h  t h e  v e h i c l e  
r o l l  a x i s  a l o n g  t h e  l o c a l  h o r i z o n t a l  and P o s i t i o n  I toward  t h e  
c e n t e r  of t h e  E a r t h .  

I 

F i g u r e  7 o f  r e f e r e n c e  2 was used  to d e t e r m i n e  t h e  l o o k  
a n g l e  f rom t h e  D'ISFN t o  the CSM f o r  p o i n t s  a l o n g  t h e  CSlV 
t r a j e c t o r y .  The l o o k  a n g l e  has  two components ,  a p i t c h  component 
( 0 )  and a r o l l  component ( $ 1 .  The p i t c h  a n g l e  v a r i e s  from 0" 
at; t h e  nose  t o  180" a t  t h e  t a i l .  The r o l l  ang3.e 0' r e f e r e n c e  i s  
t h e  - Z s p a c e c r a T t  a x i s  <CSX ' n a t c h ) ,  w i t h  + i n c r e a s i n g  c o u n t e r -  
c l o c k w i s e  l o o k i n g  a f t .  CSM omni a n t e n n a  e l e m e n t s  a re  l o c a t e d  a.t 
+ = '15" ( _ n  e l e m e n t ) ,  $ = 135" (A), Q, = 225O ( B ) ,  arid Q, = 315' ( C ) .  
F o r  m i s s i o n  AS-501, two o f  t h e s e  el.erncnts, e ? t h e r  A mid C ,  Oi? E 
and D, w i l l  be f e d  i n  pa r . a l l . e i .  The c h o i c e  o f  e lement  pari-rs w r i l i  
b e .  made s h o r t l y  b e f o r e  l a u n c h ,  The re  w f i l l  be  no i n - f l i g h t  
s w i t c h i n g .  Margins  a r e  be t te i .  f o r  t h e  t r . a j e c t o r y  assumed f o r  
t h i s  a n a l y s i s  i f  t h e  A - C  p a i r  i s  s e l e c t e d .  The r e s u 1 . t ~  a r e  based. 
upon u-se of  t h e  A-C p a i r .  The 0 and Q, components f rom r e f e y e n e e  
2 were used. w i t h  t h e  Block I1 D-omni e l emen t  f u l l - s c a l e  p a t t e r n  
t o  o b t a i n  a n t e n n a  g a i n  v a l u e s .  It was assuned. t h a t  the A element; 
p a t t e r n  7:ouI.d b e  the same as the D, b u t  s h i f t e d  a l o n g  t h e  r o l l  
a x i s  b y  90". The  C a n t e n n a  e lement  i s  180' f rom t h e  A and i t s  
p a t t e r n  was assumed t h e  same a s  t h e  A e l emen t  exqep t  fora t h e  
a d d i t t o n  o f  0.7 dB I .oss,  s i n c e  th i s  a n t e n n a  i s  cove red  by a~blative 
material .  S u b s e q u e n t l y ,  t h e s e  v a l u e s  p l u s  s l a n t  ramge va . lues  
from Ascens ion  and Carnarvon from t h e  r e f e r e n c e d  documenf:. were 
used as I n p u t s  to t h e  computer program ( R e f ,  9 ) .  

- S p a c e v e h i c l e  and MSFN Equipment P a r a m e t e r s  

t h e  margin  c a l c u l a t i o n s  a r e  l i s t e d  i n  T a b l e s  2 and 3 .  T h e  CSM 
p a r a m e t e r s  a r e ,  f o r  t h e  most p a r t ,  as-measured v a l u e s  on CSM 017 
( R e f ' .  7 ) .  The LV p a r a m e t e r s  a r e  t a k e n  from t h e  MSFC Performsnce  
and  I n t e r f a c e  S p e c i f i c a t i o n  f o r  S a t u r n  V V e h i c l e s  (Ref .  5). The 
MSFN p a r a m e t e r s  aye  t a k e n  f r o m  t h e  CSN/KSFN Pel-formance and I n t e r -  
f a c e  S p e c i f i c a t j o n  ( R e f .  6 )  and f'l7orn a computer  p r i n t o u t  b y  MSC 
( R e f .  8 ) .  Nominal v a l u e s  were g e n e r a l l y  u s e d .  These parameters  
t o g e t h e r  with t h e  s l a n t  r ange  and s p a c e v e h j c l e  a n t e n n a  gains as 
d e t e r m i n e d  above ,  compr ise  t h e  r e q u i r e d  i n p u t s  t o  t h e  c a l c u l a t i o n  
pi-ogram. 

The s p a c e v e h i c l e  and  NSFN equipiiient p a r a m e t e r s  used f o r  

Margins  were c a l  c u l a t e d  f o r  t h e  f o l  lowing  c a s e s  : 
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(1) CCS margins  u s i n g  the D S N  Ascens ion  s t z t i o n  (SEN)  
froni 3 h r s .  1 7  m i r i .  t o  5 h r s .  40  min. The u p l i n k  
mode c o n s i s t e d  of PRN r a n g i n g  and u p d a t a ,  t h e  down- 
l i n k  mode PRN r a n g i n g  and 7 2  kbps  t e l e m e t r y .  

( 2 )  USB margins  us:ing t h e  MSFN Ascens ion  s t a t i o n  ( A C N )  
f rom 3 h r s ,  24  min.  t o  7 h r s .  0 min.  The  u p l i n k  mode 
c o n s i s t e d  o f  PRN r a n g i n g  and u p d a t a ,  t h e  downlink 
mode PRN r a n g i n g ,  5 1 . 2  k b p s  t e l e m e t r y ,  and a 400 
Hz t o n e  t o  s i m u l a t e  v o i c e .  

(3) USB margins  u s i n g  t h e  MSFN Carnarvon s t a t i o r !  ( C R O )  
from 5 h r s .  30 mi.n. to 8 hrs. 1 5  min. The same mode 
was used  as was used for A C N .  

D i scu . s s ion  o f  R e s u l t s  

CCS Margins  - Ascens ion  - F i g u r e  1 shows the  res i l l ts  o f  
t h e  CCS margin  c a l c u l a t i o n s  f o r  t h e  DSN s t a t i o n  at Ascens ion  (SEN), 
T h i s  s t a t i o n  i s  p r a c t i c a l l y  i d e n t i c a l .  to t h e  MSFN s t a t i - o n ,  t h e  
m a j o r  d i f f e r e n c e  b e i n g  t h a t  t h e  DSN s t a t i - o n  does  no-i_; have a 
c o o l e d  p a r a i n e t r i c  r e c e i v e r .  T h i s  was t a k e n  i n t o  accoun t  b y  
a s s u n i n g  a r e c e i v e r  n o i s e  t e m p e r a t u r e  (qu5.r:; s k y )  o f  210°K for 
t h e  DSN s t a t I o n  v s .  96°K for t h e  MSFN s t a t i o n .  

Wi th  t h e  a t t i t u d e  c o n s t r a i n t  imposed on t h e  S - I V B / I U  
u n t i l  apogee ,  CCS marg ins  a r e  c o m f o r t a b l e .  Tile l o o k  a n g l e  
c o o r d i n a t e s  o f  e = g o " ,  @ = 180" r e s u l t  i n  h i g h l y  f a v o r a b l e  
a n t e n n a  g a i n s .  These v a l u e s  were chosen  to o p t i m i z e  commlini- 
c a t i o n s  marg ins .  The  ar j tenna p a t t e r n s  used  i n  t h i s  s t u d y  were 
e x c l u s i v e l y  f o r  SLA p a n e l s  c l o s e d .  Dur ing  t h i s  phase  of  t h e  
m i s s i o n ,  t h e  SLA p a n e l s  w i l l  b e  open .  Although no p a t t e r n s  w i t h  
p a n e l s  opcn were a v a i l a b l e  f o r  t h i s  s t u d y ,  p a t t e r n s  for o t h e r  
m i s s i o n s  t e n d  to i n d i c a t e  that  s l i g h t l y  b e t t e r  g a i n s  might  be 
a c h i e v e d  b y  choos ing  a l a r g e r  value of  8 (moving f u r t h e r  awa37 
from t h e  p a n e l s  and toward  t h e  t a i l ) .  

It i s  p l anned  t o  s w i t c h  fi-om t h e  omni on t h e  downlink 
to t h e  low-gain d i r e c t i o n a l  c o n f i g u r a t i o n  a t  T + 4 h r s .  30 min, 
and to t h e  h igh -ga in  d i r e c t i o n a l  c o n f i g u r a t i o n  a t  T 3- 5 h r s .  
25 min .  T h i s  a c c o u n t s  f o r  t h e  d i s c o n t i n u t t i e s  shown i n  t h e  
downl ink  cL:rves on F i g u r e  1. 

USR Margins  - Ascension - F i g u ~ e  2 shows t h e  r e s u l t s  
o f  t h e  USA rxarain c a l . c u l a t i o n s  f o r  t h e  MSFN s t a t i o n  a t  Ascens ion  v 

( A C R ) .  These marg ins  depend on CSM a t t l t u d e .  If t he  CSM 
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a t t i t u d e  d e p a r t s  s i g n i f i c a n t l y  f rom t h e  v a l u e s  t a k e n  f rom t h e  
t r a j e c t o r y  used  (2e f .  2 ,  which assumed a m i s s i o n  d a t e  of  F e b r u a r y  
15 ,  1 9 6 7  and an 8:OO AM EST l a u n c h ) ,  t h e  marg ins  c o u l d  d i f f e r  
s i g n i f i c a n t l y  from t h o s e  shown. The d i f f e r e n c e s  c o u l d  be  e i t h e r  
p o s i t i v e  o r  n e g a t i v e ,  

Margins  a p p e a r  a d e q u a t e  f o r  u p d a t a ,  down-voice 
( s i m u l a t e d )  and PRN r a n g i n g ,  b u t  a r e  o b v i o u s l y  low for t e l e m e t r y  
( 5 1 . 2  kbps ,  10-6 B E R ) .  
r e s u l t s  f rom a CSM a t t i t u d e  r e o r i e n t a t i o q  f o l l o w i n g  t h e  f i r s t  
SPS b u r n .  Ac tua l - ly ,  t h i s  computed margin  v a l u e  i s  f a l r l y  
o p t i m i s t i c ,  because  an a t t i t u d e  d e v i a t i o n  of 2' a t  t h i s  t i m e  cou ld  
x-ed1-1.c~ f;he margin to -1.2 db .  S e n s i t i v i t y  t o  small  changes  i n  
a t t l t u d e  was chec-ked f o r  e a c h  p o i n t ;  t h i s  was t h e  o n l y  e x t r e m e l y  
sens i . t i . ve  p o i n t .  Margliis lieaj? apzlgce might  be  eupect.ed t o  var>y 
o i i i y  i CII* 2 db w l t h  smell a t t i t u 6 e  changes; 

The zero v a l u e  o b t a i n e d  a t  T -i- 3 . 7 5  h o u r s  

USB Margins  - Carnarvon - F i g v r e s  2 and 3 show USB 
marg ins  at Carnarvon.  Carnarvon margl n s  were ca l .cu . la ted  assuming 
a 9 6 O K  p a r a m e t r i c  a m p l i f i e r  r e c e i v e r .  A s  was t h e  c a s e  a t  
Ascens ion ,  t e l e m e t r y  marg ins  a r e  low The n e g a t i v e  t e l e m e t r y  
marg ins  d u r i n g  t h e  ear1.y p a r t  o f  t h e  p a s s  a r e  a s s o c i a t e d  w i t h  
t h e  near apogee l o c a t i o n  o f  t h e  s p a c e c r a f t .  Ascens ion  provid-es  
b e t t e r  margirls a t  this t i m e .  It i s  p l anned  for Carnarvon t o  b e  
i.n c o n t a c t  w i t h  t h e  S-IVB/IU frou, 5 h r s .  30 r1i.n. to 6 h r s .  15 mln,  
and t o  r e c o n f i g u r e  f o r  CSM c o n t a c t  s t a r t i n g  a t  6 h r s ,  2 1  min. 

C o n c l u s i o n s  --.____- 

USB and CCS margins  as p r e d i c t e d  a t  Ascerislon and 
Carnarvon a p p e a r  t o  be  q u i t e  s a t i s f a c t o r y  t h r o u g h  t h e  hi.gI-1 
a l t i t u d e  phase  f o r  PRN r a n g i n g ,  u p d a t a ,  and s i m u l a t e d  v o i c e .  
The u p d a t a  margins  a re  v e r y  n e a r l y  independen t  of  t i m e ,  showing 
t h a t  t h e  s y s t e m  i s  o p e r a t i n g  at a s t r o n g  u p l i n k  s i g n a l  l e v e l  
and  t h e  u p d a t a  per formance  i s  l i m i t e d  by t h e  s u b c a r r i e r  power 
and t h e  r a n g e  code i n  t h e  r e c e i v e r .  

CCS t e l e m e t r y  margins  a p p e a r  a d e q u a t e .  USB t e l e m e t r y  
m a r g i n s  n e a r  apogee a r e  b a r e l y  p o s i t i v e ,  and c o u l d  be n e g a t i v e  
if a t t i t u d e s  and./or equi-pment p a r a m e t e r  v a l u e s  a re  p o o r e r  t h a n  
noin ina l ,  or i f  t h e  a c t u a l  m i s s i o n  l aunch  t i m e  r e s u l t s  i n  nominal 
CSM a t t i t u d e s  l e s s  f a v o r a b l e  t h a n  t h o s e  for t h e  assumed l a u n c h  
t i n e  of 8:OO AM ZST, Feb.  15, 1 9 6 7 .  The e l i m i n a t i o n  of u p d a t a  
and  PRN d u r i n g  t h e  m a r g i n a l  t e l e m e t r y  p e r i o d s  would r e s u l t  i n  a 
one  t o  two db improvement i n  t e l e m e t r y  marg ins .  



BELLCOMM, I N C .  - 5 -  

The r e s u l t s  o f  t h i s  s t u d y  a r e  i n  g e n e r a l  agreement  
with t h o s e  of' t h e  TRkI s t u d y  (Ref .  2 ) .  D i f f e r e n t  a n t z n n a  
p a t t e r n s  and equipment  p a r a m e t e r s  resu. l t  in ssme d i f f e r e n c e s  
i n  margln  l e v e l s ,  w l t h  TRW's r e s u l t s  b e i n g  somewhat hrigher . 
Both s t u d i e s  used  t h e  same o p e r a t i o n a l  t r a - j e c t o r y .  The TRW 
s t u d i e s  d i d  n o t  i n c l u d e  t h e  C C S .  

At tachments  
Ta .b l e s  1-3 
F i g u r e s  1-3 
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S i g n i f i c a n t  __-- Even t s  i n  Miss ion  AS 501 Fol lowing  S-IVB Second Burn 
(ReTerence Idumbers 2 ,  11, 1 2 ,  ?,ni! 13) 

Time Event  -- 
hr: niin: s e e :  

3: 26 : 55 RCS u l l a g e  f o r  CSM/S-IVR s e p a r a t i o n  

3:26:57 CSM/S-IVB s e p a r a t i o n  

W i t h i n  5 min. 
of  s ep a r  a t  i o n  S-IVB/IU r e o r i e n t a t i o n  w i t h  roll a x i s  

p e r p e n d i c u l a r  to the l i n e  o f  s i g h t  from 

P o s i t i o n  I toward  Ascens ion  
I ,  

L I I ~ ; '  v e l i l c l e  to R s ~ c f i e i c r :  I s l ~ ~ ! d .  a n d  

3:27:05 CSM r e c r i e n t a t f o n  t o  SPS i p p i t i o r i  a t t l t u d e  

3:27:45 A t t i t u d e  h o l d  for 50 Sees  

F i r s t  SPS i g n i t j . o n  

3: 28: 59 F i r s t  SPS c u t o f f  

3 : 2 9 : 0 0  Coast t o  apogee 

4:30:00 S-%VB/IU s w i t c h  from omni to low-gain 
a n t  e nn a f o r  C C S down 1 :i n k t ran s ri I s s i o 11 

5: 25: 00 S - I V B / I U  s w i t c h  from low-gain t o  h igh -  
g a i n  a n t e n n a  f o r  CCS downlink t r a n s m i s s i o n  

S-IVB/IU handover  from Ascens ion  D S N  
s t a t i o n  t o  Carnarvon f o r  s u p p o r t  o f  CCS 
t e s t s  

5:30:00 

S - I V B / I U  apogee 

5:40:43 CSM apoe;ee 

5:49:00 S-IVB/IU 7-03 I axri..: -eor i .en ted  a l o n g  t h e  
l o c a l  h o r i z o n t a l  an.  P o s i t i o n  I toward 

, t h e  E a r t h  

6:15:00 Carnarvon d r o p s  CCS; r e c o n f i f u r e s  f o r  
USB 

6: 21: 00 Handover frcni Ascens-7 on V S T  s t a t i c n  
to Carnzr.vor! for CSI4 suppor t  
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Table 1 ( c o n t . )  

7:04:00 

8: 01: 0 9  

8:14:00 

8:14:30 

8: 15: 00 

8:19:08 

Ascension LOS 

R e o r i e n t  t o  2nd SPS i g n i t i o n  a t t i t u d e  

R C S  ullage for 30 s e e s .  

2nd SPS i g n i t i o n  

Carnarvon LOS 

2nd SPS c u t o f f  
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TABLE 2 

P a r a m e t e r s  Used f o r  I U  CCS Marp:in C a l c u l a t i o n s  

P a r a m e t e r  - 
U p l i n k  f r e q u e n c y  

Ground t r a n s m i t t e r  power 

Ground t r a n s m i t  c i r c u i t  l o s s e s  

Ground t r a n s m i t  a n t e n n a  g a i n  

Upda ta  m o d u l a t i o n  i n d e x  

Up l ink  PRN moclulat ion i n d e x  

I U  c a r r i e r  d e t e c t o r  n o i s e  bandwidth  

I U up d a t  a de  t e c t or no i s e b a n  dw i d t h 

I U  t r a n s p o n d e r  v i d e o  n o i s e  bandwidth  

I U  t r a n s p o n d e r  I F  n o i s e  bandiPJidth 

U p - c a r r i e r  S/N t h r e s h o l d  

Updata  S/N t h r e s h o l d  

Upda ta  s u b c a r r i e r  c e n t e r  f r e q .  o f f s e t  
f r o m  c a r r i e r  

Low s igna l .  i n p u t  n o i s e  temp. to IIJ 
t r a n s p o n d e r  

Modi fy ing  c o n s t a n t  f o r  I U  n o i s e  temp.  

Downlink f r e q u e n c y  

I U  transm5.t t er. power 

Va lue  

2101 .8  mHz 

10.0 kw 

0 . 5  db 

Q . 0  db 

5 . 0  db 

0 . 6 1  r a d  

0 , 3 rad 

400 H Z  

20 1cHz 

1.8 mHz 

4 .O mfIz 

1 2 . 0  db 

10,O db 

7 0 . 0  kl-iz 

1 8 8 ~ 8 ~ ~  

14 1.56 x 10 

2282.5 mIiz 

20.0 w 

S o u r c e  ( R e f .  N o . )  - 

5 

5 

5 

5 

5 
8 

8 

5 

5 

5 

5 
19 

I U  t r a n s m i t  c i r c u i t  l o s s e s  3 . 0  db 



I 
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T a b l e  2 ( C o n t . )  

Ground r e c e i v e r  a n t e n n a  gain 44.0 d b  

Ground r e c e i v e  c i r c u i t  losses 0 . 5  db 

Te leme t ry  modul.ation i n d e x  1 . 2 2  r a d  

Down-car r ie r  d e t e c t o r  n o i s e  bandwidth 700 Ilz 

Te leme t ry  d e t e c t o r  n o i s e  bandwidth 180 kHz 

Down-range code d - e t e c t o r  no ise  
b and w i d t 12 

Down-carr ier  S / N  t h r e s h o l d  

1.0 Hz 

12 db 

T e l e m e t r y  S / N  threshold (BER=IO -6) 8.5 d b  

Down-rar,ge code S / N  t h r e s h o l d  32 db 

Ground r e c e i v e r  n o i s e  temp. ( q u i e t  s k y )  210°K 

3 x 10.- 15 Modifying c o n s t a n t  for r e c e i v e r  n o i s e  
t e m p e r a t u r e  

Combined p o l a r i z a t i o n  and p o i n t i n g  locc u o e ~  3 . 0  db 

Transponder  tu rn -a round  c o n s t  a n t  1 . 5  clb 

( --* x t r a n s p o n d e r  r a n g i n g  ga5n c o n s t a n t )  'tl? 

5 

5 

8 

8 
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I TABLE 3 

P a r a m e t e r s  Used for CSM USE Plargin Cal c u l a t i o n s  

Parameter - 

Upl ink  Frequency  

Ground t r a n s m i t t e r  power 

Ground t r a n s m i t  c i r c u i t  l o s s e s  

Gyni.ind t r a n s m i t  a n t e n n a  gain 

CSM r e c e i v e  c i r c u j  t losses 

Updata  modu la t ion  i n d e x  

Up l ink  PRN modul.ation i n d e x  

CSM c a r r i e r  d e t e c t o r  n o i s e  bandwidth 

C SM u p  d a t  a de i; e ct or no i s e b ancivr i c i t  h 

CSM t r a n s p o n d e r  v i d e o  n o i s e  bandwidth 

CSM t r a n s p o n d e r  I F  n o i s e  bandwj d t h  

Source  (Ref.  No . )  - Value  -_-- 
2106.4 mHz 7 
10.0 kw 6 

0.5 db 5 

4 3 . 0  db 6 

1 1 . 2  db (C oinriri) 7 

0.61 r a d  8 

0 . 3  r a d  

320  HZ 

8 

8 

21 .o  ItHz 8 

1 . 7  mI3z 8 

9 . 0  mHz 8 

Up-carr ie l -  S/N t h r e s h o l d  1 2 . 0  db 8 

Updata  S / N  t h r e s h o l d  1 0 . 0  db  8 

Updata  s u b c a r r i e r  c e n t e r  f r equency  
off se t  from c a r r i e r  7 0 . 0  kHz 1 0  

L a w  s i g n a l  i n p u t  n o i s e  temp.  t o  CSIvl 
t r a n s p o n d e r  6 5 0 0 O IC 

1 4  Modify ing  c o n s t a n t  for CSM n o i s e  temp. 4 . 4  x 1 0  

Do:mlink f r e q u e n c y  2 2 8 7 . 5  mHz 6 

S S I'il t r a n  s m i  t t e r p owe r 11.5 w 7 

CSN t r a n s m i t  c3.rcui.t l o s s e s  8 . 0  db ( A  omni) 7 

6 ,  0 db ( C  ornni) 7 
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T a b l e  3 ( con i ; . )  

Ground r e c e i v e r  a n t e n n a  g a i n  

Ground r e c e i v e  c i r c u i t  l o s s e s  

Down-voice m o d u l a t i o n  i n d e x  

T e l e m e t r y  m o d u l a t i o n  i n d e x  

Down-car r ie r  d e t e c t o r  n o i s e  bandwidth  

Down-voice d.e t e c t o r  n o i s e  bandwidth  

Telenie t r y  d e t e c t  or n o i s e  bandwidth 

Down-range code d e t e c t o r  n o i s e  
b a n  dw li d t h 

Down-ca r r i e r  S / N  t h r e s h o l d  

Down-voice S / N  t h r e s h o l d  

Te le ine t ry  S / N  t h r e s h o l d  (BER=10-6) 

Down range -code  S/N t h r e s h o l d  

Ground r e c e i v e r  n o i s e  temp.  ( q u i e t  s k y )  

Modi fy ing  c o n s t a n t  fox- MSFN r e c e i v e r  
n o i s e  t e m p e r a t u r e  , 

Combined p o l a r i z a t i o n  and p o i n t i n g  loss 

T r a n s p o n d e r  t u r n - a r o u n d  c o n s t a n t  
7 

4 4 . 0  db  

0 . 5  .db 

0 . 8 7  rad 

1 . 0 6  rad 

7 0 0  HZ 

2 4 . 0  kHz 

180.0  kHz 

1 . 0  Hz 

1 2 . 0  d b  

8 . 0  db 

8 . 5  db  

3 2 . 0  db  

96°K 

3 1 0 ~ 5  

3 . 0  db 

1 . 5  

6 

6 

7 

7 

a 
8 

8 

8 

8 

8 

8 

a 

8 

a 
“2 (7 x t r a n s p o n d e r  r a n g i n g  g a i n  c o n s t a n t )  
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